AN ACTIVE VIEWPORT DETECTION ASSEMBLY FOR SUBSTRATE
DETECTION IN A VAPOR DEPOSITION SYSTEM FIELD OF THE
INVENTION The present invention relates generally to the field of thin film
vapor deposition systems wherein a thin film layer, such as a
semiconductor layer, is deposited on a substrate conveyed through the
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Production of thin film photovoltaic (PV) modules (also referred to as

FIEORORRe &) pEaydiyolves conveyance of a substrate, such as a

glass panel, into and out of a vapor deposition chamber wherein a thin film
layer (generally recognized in the industry as less than 10 um) o

T ISR IOV eRAET 4P 1R S8 2SIl AIRSE (e dyeaBgbfiegosiion

sysfspdevperisige e mupstipde. JhenhdapasisemiBmessayBayidelépysited on a
known process, for example a close space sublimation (CSS) system or

sUbRlrAE-FORYRYeR HISHER (Y BYeRenMOrR BB Jhe,iihEIien Jrerelated to
a bipieatippreyidechinibe welsef the daeesiion Gramieiter SONYRYNGre moved

structures of the deposition system for any number of reasons. For
thEQUghJiRE FRPARARIRIUIARP KB e a means for visual inspection of the

process, or may be configured to provide an input to control equipment
BAGK GO oIS DaO&uBHIEOREEE Nal@Neters, such as conveyor speed, and
the like. These conventional viewports are, however, typically formed from
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the sublimat from the sition or conveyor chambers. T

tyBigalion vebigresoregYance fidosHbsiate syeRsaigsreRmell #a and out of a
vaAPBR D SKifioR A0 eHE OLIRE YRWRO film laygenerally recognized in the

industry as less than 10 um) of a semiconductoenadt such as cadmium telluride
(CdTe), is deposited onto the surface of the satestrThe deposition process may be
any known process, for example a close space satitim(CSS) system or chemical
vapor deposition (CVD) system.

Viewports or “windows” are typically provided in éhwalls of the deposition

chambers or conveying structures of the depossiystem for any number of reasons.
For example, the viewports may provide a meansifral inspection of the process,
or may be configured to provide an input to congquipment that controls various
process parameters, such as conveyor speed, anllkéhe These conventional

viewports are, however, typically formed from glagsa glass composition and are
prone to condensation or build-up of the sublimateaterial from the deposition or

conveyor chambers. This situation requires fretstutdown of the system for

removal and cleaning or replacement of the viewgort



Shuttered viewports are known in the industry to protect the viewports
from exposure to the sublimated material. However, these devices are of
limited use because the shutters must be closed to function, which
renders the optical viewport inoperable. Roll-film viewports are also
known. These devices operate by providing a layer of transparent

ratective. film r the,viewport gptics. The fil erial is Rrovi in roll
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material. It is also known to heat the viewports to reduce the condensate
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chambers or equipment. Reference is made, for example to U.S.

roli4arms, and, oam thediimszeranes, 8B s sd theansstiad Jiefparis advance from
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active sensing systems and have limited functionality. Accordingly, there =
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syREEHTWRrbpRbethiofiRsiMadrtgction of substrates conveyed through a

vapor deposition system. The present invention relates to a heated
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for example to U.S. Pat. Nos. 5,129,994; 5,977,888 6,367,415. The heated
viewports described in these references, howevernat particularly well suited for

active sensing systems and have limited functionali

Accordingly, there exists a need for an improvievport detection assembly that is
particularly suited for active detection of subtdsa conveyed through a vapor
deposition system. The present invention relaies heated viewport assembly that

serves this purpose.
BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will befgegh in part in the following
description, or may be obvious from the description may be learned through

practice of the invention.

In accordance with aspects of the invention, anbaehment of an active viewport
assembly is provided for use in detecting subdratenveyed through a vapor

deposition system. The viewport assembly incluadeasing configured for mounting
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In accordance with aspects of the invention, and embodiment of an active
viewport assembly is provided for use in detecting substrates conveyed
through a vapor deposition system. The viewport assembly includes a
casing configured for mounting to a wall of a vapor deposition module, for
example to a side wall or top wall of the module. The casing further

comprises_an.enclosed chamber, an exterior si ort, and an interior si
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rec by the receiver. Variations and modifications to the embodimen

is simecd draporeadsefialy aiisnessedtasbedememiin thdisgntipdrspipn, with
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encompasses various embodiments of a module that may be used in a

chapbete Jusith sistelenmharspblystranss ars cohiibgaartpotigh Mt the
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e walls may be opposite walls, such as opposite side wallS or top and
thratemtheistexivinesib roenlgsf RESREIEYd Hieh kFharehabdandaieseived by the
ref@Rfigured for transport of substrates through the housing. A first viewport

assembly is mounted in the first side wall, and a second viewport
assembly is mounted in the second side wall. One or both of these
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abEcaan etk diraetio gacnal Sperivienvir tisieeaariead)cbedasmensiascribed
maounted to a module wall, with the casing further having an enclosed
h&Riber, an exterior side port, and an interior side port that extends
through the respective wall. The viewport assemblies further include a
Thens asseonbbishsposec padsashadbambeartatinedtaadodutbrivwgmtbg be used
ineriarside por ATIEater slementds canfiguied on e leis SSSEMBNC moduie
VAP CHERbE! THE S wewpoﬂ 43D ysﬁgg A Scuve refsminer odue:
Themfigdiee imithuthes extlroosisigépoin dgofirstnandt sdoaatise Sigpeskeini@lisemay be
chamber, through the lens assembly, and, into the module housin o
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caheeyppositecssanhovaide wWedl molhdesaan e e iven@guiiguradspiovnt tbé substrates
exterior side port to receive the active signal. which is.cqpveyed throu
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sabendcedveport assembly is mounted in the secaevgall. One or both of these
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Variations and modifications to the embodiment of the vapor deposition
module discussed above are within the scope and spirit of the invention
and may be further described herein. These and other features, aspects
and advantages of the present invention will become better understood
with reference to the following description and appended claims. BRIEF

DES RIPTI FTHED AWIN é}and g@ closyre of the..
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embodimen ewpor asse es In"accordance with' the presen
intaventiice Rigrt2ivbestendsvibfauaivépernesprdislthal vcurporng assemblies
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thenodalésy dégcpetin Aibedjerelement is camfggl on the lens assembly within the
chamber. The first viewport assembly has an adtimesmitter configured with the

exterior side port to transmit an active signabimhe chamber, through the lens
assembly, and into the module housing towards doersl side wall. The second
viewport assembly mounted to the opposite secodd wiall includes a receiver

configured with the exterior side port to receifze active signal, which is conveyed
through the interior port and lens assembly, thihotingg chamber, and received by the

receiver.

Variations and modifications to the embodiment loé tvapor deposition module
discussed above are within the scope and spitihefnvention and may be further
described herein.

These and other features, aspects and advantagesmesent invention will become

better understood with reference to the followiegatiption and appended claims.
BRIEF DESCRIPTION OF THE DRAWING

A full and enabling disclosure of the present irtieam including the best mode
thereof, is set forth in the specification, whictakas reference to the appended

drawings, in which:

Fig. 1 is a plan view of a vapor deposition systeat may incorporate embodiments
of viewport assemblies in accordance with the pressention;

Fig. 2 is a top view of conveyor modules that ipoyate embodiments of viewport

assemblies in accordance with the present invention
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Fig. 4 is a cut-away view of a particular embodiment of a viewport

assembly. DETAILED DESCRIPTION OF THE INVENTION Reference

now will be made in detail to embodiments of the invention, one or more

examples of which are illustrated in the drawings. Each example is

provided by way of explanation of the invention, not limitation of the

invention, In f it will be a nt to th killed in.the art that.various . )
i oA s sais el B e Ao B R WD R o 2
argkparting from the scope or spirit of the invention. For instance, features

illustrated or described as part of one embodiment, can be used with
Fignates embagupentip ofel b ar gl AL sBIRBFENAB IO Sk &nbly.

intended that the present invention encompass such maodifications and

variations as come within the scope of the appended claims and their
D%E&U&ﬁ&m@?ﬁ&@%&%@& ar BOdFNENPOF a vapor deposition system

10 that may incorporate viewport assemblies 100 in accordance with
Refgpentsofdie willdrdiomagavritcdistdy & eorbpdimalithéviaventdypesmefor more

modules that make up,the system 10. For reference and ap understandin
AR Al R AN 1 R RR o EATIDIR FOBT A LY way
ofusepl atihatisys eimHiD iof/Bigidhisrue simitad dreldie, iollemtezhby la datajledwill be

description of particular empodiments .of the vi ort assemblies.100. The
AR 1 e et 5, A A e AR S B e aen e
méele) imotthel epsabstratienieh(refe maith torh eleeditingsiit tub stiaipd) . dihepirin of the
._film.may for exampl film layer of cadmium telluride (CdTe). As .
Ve o HTRRERE o AL R A ST MR A R il epgaiment
capP\bmodeld sithsarbéhisr gembraliynierss tth e mb bttt mesndoasl juvent.It Thus, it is
. shoul reciated that the viewport assemblies.1 re not limited t
R AR S R R A R b Vs s
cauitalith pr tve ssiogdiné tbendigpead éor claos deyakitioratErashin film layer

onto a substrate, such as a PV module substrate 14. Referring to Fig. 1,
Filhe Sxe SRy SHSIABJAANSHIT A 4B U r2seined By Rcorporate

“plurality of interconnected modules. A'plurality of interconnected heater
viendRIleasss dries 4 PPelhancosdapaaiiie aseEoiecuapeen2narbeiarly as
cotipehdrrsSUPSHAI S 18 6PMYGUGRSRNGARGHA RSP0, For reference

temperature before being conveyed into a vapor deposition apparatus 60,
anghchUunegralan die i GeAconvAiPRA AN du W hickeipe e i isviertmsserneklies 100
ma§ Bevcdne piurity ebingangndentlyrplirlissaisFet nyh Hiailed

heaters defining a plurality of different heat zones. A particular heat zone
depggntenaé ﬁﬁ&é&ﬁér@mﬁ@%ﬁ@é\t&@ iR/ ipypaP sRpGSESA @Pparatus 60
may take on various configurations and operating principles within the
Tissepetant Bpikt sdrifigure@ndptepbdii aestaidtyncrRiyig wed iohyareitaic (PV)
mgﬁaosition of a sublimzted source material, such 6351 CdTe, as a thin film

e DSBS LGRS PN FRaARSL AB JEATRSht JNRUDSHm TgY be, for
eﬂ&ﬂéﬁﬁé ﬁmrﬁigla)l,lertftﬁ FYAAARRIES fefwdﬁidw?tm@l)sl%atﬁ@ﬁlwﬁ@oa faRingeiferally
which the Internal components are contained, Inclydjing a vacuum
reGRBRARA hE AR T8 T J5HGAT & BaHH She! Rl [qenerally less
thahaaneeit 1D alsieiost i des p plukisyiof despprediatest chel\dewparnosgsiesblies
20 within th%\rﬁ%u m chamber 12 downstream or the va or.depos'%ion

10 D98RS b1 RS B8RS B etihe BIEBL I i st may be
invoHpiorthed astauanghauitadlcl piocabithghesiede ot 4 apsngdpediiion of a

film of sublimed source material deposited thereon are allowed to cool at a
R R S B o 5 h R e A8 Bl omoved o

the system 10. Each of the modules 20 may include a forced cooling

system wherein a cooling medium, such as chilled water, refrigerant, gas,

or other medium is pumped through cooling coils configured with the
modules 20.



In the illustrated embodiment of system 10, at least one post-heat module
22 is located immediately downstream of the vapor deposition apparatus
60 and before the cool-down modules 20. The post-heat module 22
maintains a controlled heating profile of the substrate 14 until the entire
substrate is moved out of the vapor deposition apparatus 60 to prevent

maae.to tk uhstrate h as warping or.b ing c e .
RERTIAE P, TR oA YA 8" HERL A BT S Bhper 12 defined

bysubstatality werntdlomedaciedonmdiiestcedsiptikatofamicesitedabied heater

AR 18 DR S He SRR RS TR SO wnich the
suhdtretdriglarerackivey efithod hiestiedd drarm thwpaahistre efare being conveyed
T ically i iy ; ) i i :
PSR o R U SR o
Eaghnoiidhe draterefadbles thé feey devicde24 iptpoalignaedasudastly controlled

S RGBS SIRSAIE prctr
heattzorganayitolodgrmbecdpparans Beatstill 8eferring to Fig. 1, the

individual substrates 14 are initially placed onto a load conveyor 26, and
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load module 28 and a buffer module 30. A "rough” (i.e., initial) vacuum

PrisiReS S IBGUPEARGIRANH S RIAQH BYuiBUER: R BFaif 9 aRa X SRR for
Vet 8efiBSitidie o 0B)NATHHEY RYTMR STHisARIC WD 1Be BYHRY film on the

module 30 to increase the vacuum in the buffer module 30 to essentially

PYREQSR SRR ac e RIRRAITE Ry I REMaA R N BIREH Fig. 1,
theospRinaHag ebrrua LI thsacHEITHRYBPSHthdY el e8e3th{&8al components

ate-type slit valves or rotary-type flapper valves) are operably disposed

g ( ( a
ArBeHAEARRE 0AE EEGyBr YRCHHIN HECRA HRABd (HRABYTES: Ehellddyveyor
ad8eeiy 28 and the buffer module 30, and between the buffer module 30

and the vacuum chamber 12. These valves 34 are sequentially actuated

by a motor or other type,of gctuating mechanism 36 in order to introduc
TR, RREITIRS e VSO DG DAL AT o0 dovn
mutihiest 20eatitignthg &acacunvitbiathberhamviiZstAahakie vaapomdeplsition

station is configured downstream of the last copl-down module 20, and, .
AR BOce MG IHT R o9 HLFBn Y VIR At L hg the
vaove. Caarmbempe,ithevhichvduwodstiaigiation makiagthirddin exitsublimed
sotbur]::fgrrrrpa?gHg? deposited thereon are allowed ¢b &ipa controlled cool-down rate
prior to the substrates 14 being removed from yiséesn 10. Each of the modules 20
may include a forced cooling system wherein a ogplnedium, such as chilled
water, refrigerant, gas, or other medium is pumimedugh cooling coils configured

with the modules 20.

In the illustrated embodiment of system 10, attlemse post-heat module 22 is
located immediately downstream of the vapor defwosépparatus 60 and before the
cool-down modules 20. The post-heat module 22 tams a controlled heating
profile of the substrate 14 until the entire sudtstris moved out of the vapor
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42 and a downstream exit lock module 44. Sequentially operated valves

34 are disposed between the buffer module 42 and the last one of the

cool-down modules 20, between the buffer module 42 and the exit lock

module 44, and between the exit lock module 44 and an exit conveyor 46.

A fine vacuum pump 38 is configured with the exit buffer module 42, and a

rough vacuum pum is. canfigured,with the exi k.module 44. The .
oA B g BB o s Warping or
breabsica IS4 by ainhentagilronocdiadiar the shraissep-wikthfadbdoling section of

LI I255 £ G SROH RPN AR SORTORE 30 SOt o0,

also Includes a conveyor system configu es
a imte nticdlygtiacnagiogt Etpe radoce gratiEnbeotiterkbtatednongitdmaily along

thé";‘n%ﬂ(‘%J | A\?&klﬁt.auﬂm@?oqu&ﬁﬁ)ggoa% ?eoﬂﬁigérﬁhn@krlﬂﬁ%%ﬁgﬁﬁg substrate

ment, this conveyor system inclu y of In
fraoritnelehstiesyors 48, with each of the various modules including one
of the conveyors 48. It should be appreciated that the type or configuration

AS IR EanMeREaIRBIIN Saee I sgoaules sy 2 n e JMRIRES with the

embodiment, the Conveyors 48 are roller conveyors having driven rollers
VaRat AlRPASHINIRPESRUD SChiky & anibsi RV EShUBRAREEN o868 didular CdTe.

PrYEEIBNESHE ey ddlies espastiveingdrie A e Rd SoupEe! material

As described, each of the various modules and respective conveyors in
Wihe dl HIEG YRl Ag: HHRI SOBNAERNS MSRADIRRPRSPEFRGPS 2 Wi (ke apparatus 60
orfeBRIRYahEE SHERCONH MR85 2tHISIGH Hivahmedules may have an

associated independent controller 50 configured therewith to control the
individual functigns of the respective module. The plurality of controllers
SUDTHR) MO b i B HONCH SRR B FEp el dURGEH e, 2 load
catvélustragddnd-igrel sTibe el \syagradantooley adicanrmandtorsaagbon that
._control (vja the independent controllers 50) the functions of any. ane of the
inGfiRed BAIRSdeRes s AP DcPa o Sh A ALHD AR Epa i dgum
pLrnpl-8Rvig calfiqndsavichtihén Ipearessihgo Db acdrstratiestikd vaugh, and a
the S)(stem 10, Referring to Fiﬁ. far inde[‘lendent cotgltro of the fung;tion
in )

iR dhe Y ther ATUMINE LU n R e DU AN AL S D QSiomnRsiule 30 to

inorekuskinthéorvaxaomplenngheidudie controlief 8@ reagieiiiviheonvayans dihin the
Cﬁ)enin and closliig of the gate valves nd so forth, the n}odule
va -

' 34 .
UK R RRIEe n&Uﬂ&i‘vdBrP&%@%ﬁ%‘ﬁQs 06 BaFARIRG R r&é%f%n Rd fine
vauiuing spbsipatesdld asthey @4 ¢onyeystdhnymegslibesnodutstaiheype flapper
ssemblies 100 re({n comm nicationj/l\:/]ith the %ﬁl\%ﬁive m du||

VAo BRCTAAbE A RORER Bebaren R LRI eHRRER LIPS 193, miRgule 28,
bé&iRiderthi nvsthero thic i \addathie sodeive cdueesd béBvoay tre buffer module

ontrqlled to ensure that a proper,spacing between the sybstrates 14 is
T D B 05 B ek L o By & motor
orcotista iy e nfeyetnet ngtendchag s theS gacuardemmamtherelthd tshmitdtes 14 into

ngRpigciatedanie viewpor assemblics e DG ASed ILANANGT  m within
Eontrol tIh&ish r%?ate {0 A iRBvidtaMOuHELGR3Y rg'lgsys R4t
the chamber 12.

An exit vacuum lock station is configured downsineaf the last cool-down module
20, and operates essentially in reverse of theyarscuum lock station described

above. For example, the exit vacuum lock stati@y mclude an exit buffer module
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Figs. 2 and 3 illustrate a system wherein various viewport assemblies 100
are configured with the respective conveyor systems 48 of a plurality of
adjacent modules, such as the modules discussed above with respect to
Fig. 1. In this particular embodiment, the conveyor systems 48 include a
plurality of adjacently disposed rollers 144 that are used to convey
s3pkaes diinaserisipnsadiedion as indeaied il AOUSALGs are
. Referring to Fig. 3, a viewport assembly 10071S maunted onto each of
digposphbsitecaethalsifos nbduksp2aive thedasdf Thesoeolgoportmodules 20,

b a?eéﬂqﬂ%stmﬁ%h‘ﬁ%@&&cfé‘%‘f SHH%%’B%R‘@&%%M%%%%&%% ?Hg exit lock
ottom walls or the module, or 10 a top or bottom walfl and an adjacen
meidideval. Refearirexititiooveignr34 6. fistise gathruwigwpdrisasssfigiies 10t the

0] I t r . e .
o RS o 0 ool St MBS R T et ook
madlillesttatedin PignpsTIRsdetstof aleehddt assestigliysordater) toeemove the

rt a di e iS e i , . iahtly .-
s R P A S EEEY, 12 MR o iEhs Joss o
vaks dipicteditioFiyitBintecoppeisan vieapberdssemblies 100 may be
disposed at upper and lower vertical positions on their respective walls

S)iég%_%”i@t ASEIRNLRYIS HHReJuesstbm IgSob RO BTGP 14 into,

rizontal plane of the conveyor 48. For example, in the embodiment

thipeiiraie eghwlyBieoRaYIETHIDBIRATyL8! ARFBRIPAA by RcHNS lock
staftdn'iid qurPaesereiwesn Ue ingdhagyaliFoHRERARR) \AAVHRIMASSE T &Dnveyor

100 may be positioned so that the sensing axis 146 extends through the

SY§HRRE REiASSH R EIA: S tiRsYEURIY (=00 b AYNINEYRERetBinvitlg. ©ach of the
vaHs FefRIting 1Adigy beabbeeadiv apnesiaiesLinatdhgopiesened dhat the

a substrate 14 may block or deflect the active signal that is

tYRrnHRB AR LhRAERNIRY OIS b NSNS B HOtE SRl vary. In the

il PariEeRERIDEMTaHe B BRSEPER & é?éeritiﬁﬁﬁ%ﬂﬁbm{a"hﬂ GhreRlYollers
ic

100 configured with an active signal receiver is an indication that a

thaf, R E0TH BliRHliGReaS ithaBERM R SeRECL MR sB Pl heubstrates 14
thFOURSH @@ #ds linRRfleLENQRRdRG RestiomBiéhe viewport

assemblies 100, the active signal will transmit/receive along the axis line
146 between the assemblies 100, thereby indicating that the substrate has
AT B 0 G BF B BN BF (B CERREEL MBS e SySiem 10
artsandepiadeadyivenisdizal wilpeafolhwhgatheftnstaspaesr rigreeontrol, each
adjacent ends of the serially conveyed substrates .14, and the length or
O RN B TR D o ah RN of T El BRERG e pler 50
canilogiratesHietelfithe tol graitiodichte indiaidbel sjummsg dfethe e siliatieat module.
substrates 14.is too little or too great, then the cantrol system 50 for. the
TR B iR S o RS Lo B ST H By Gl
sysystanccdi@ folieh&2p aaticill lsstratedtillie tBigdjuse TderspalcBgtdineczamedter 52 can
axis 146 is non-horizonial in that it i transvers (i.e., grosses) th
AR AT SR 8 AR E s o PRl SRS o apy pne of
the modules so as to achieve an overall desiretiupesate, deposition rate, cool-

down rate, and so forth, in processing of the sabest 14 through the system 10.

Referring to Fig. 1, for independent control of thenctions performed by the
modules within the overall system configuration h@Juding for example individual
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Still referring to Fig. 3, it should be appreciated that the transverse,
non-horizontal sensing axis 146 may be achieved by various means. For
example, the viewport assemblies 100 may be mounted relative to the
module side walls 106, or to a side wall 106 and a top or bottom wall, at
an angle so as to achieve the transverse sensing axis 146. In the

iment illustrated in Fig. 3, the viewport mblies, 100 are
O R By B RRBE e O vaives 34, and
smfuits, Hbimgrdidplese thatual @ actiaeizentsingngkiganas mohehid 0 tat detect the

i | : 'S 146, bed | b
PrRSETRE T e SRS A BTN PR e

assehbiiescHi@baeviewportrasyeatisy MO et idsfeeive dutasiogtsthectde which

100 L binat .

s RIS D on S8 o ner. e

individbel of specpoeausvape Nt ey ddigorkiolisdkseals 132 lsefweper spacing
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a vapor deposition module, such as any one 0 e mo
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e viewport assem may top and bottom
relesgid tf thentidlived waltheodidesvarlioviyalbs ysidriule, as depicted in Figs. 2
and 3. The casing 102 defines an internal chamber 108. This chamber

Fi$98 @%W@timﬂﬁ%é%%hvwmiﬁWﬂﬂS[&MF%Q@HHH@? 100 are

event of a vacuum leak into the casing 102, as discussed in greater detall
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which it is attached. The exterior side port 110 is configured with a recess

PaHEUEY rERAARCHNERY: SIS YR PYE RIS ARH I ArBIUsR Bl @diacently
didpSsan thamdesireded sambedimantctisiysEsHeRiveEdNERMEBedirection,

for example, a fiber optic transmitter or receiver 120 that transmits or

asdedicaed Mydhs it Qgh Al ikite: o oRESptHBEMMbar BY PR TeRSSEsRDlY 100 is

myingBdTEt o eadAcHbitHe RppdERY BRIsOREYYredavisRipEreiRXtaTIALIe These
ort 110 to aid in the transmission or receipt of the respective active

P . .
vieppait ﬁ%%qm@'ﬁ%”ﬂﬁé(y Ha %@M%d%@mgéﬁ%@%ﬂ%é%éﬁ@p&ﬂp and
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that is disposed within the chamber 108. The opposite end of the lens
bly.114 is. ' ithi interior sid 12 of th ' .
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thevlentryhencheing iitisen@imoted seub imdostiteofitpo o fdbsembliete 1@edrisay be

th d to th ditj ithin th d In thi d,
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dule. In the jllustrat di t, t bly 114 inclyd
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syiterside port 112 via an elastomeric circumferential seal 130. In a
particular embodiment, the tube 122 may be a quartz tubular element.

As depicted in Fig. 3, the opposed viewport assesldl00 may be disposed at upper
and lower vertical positions on their respectivelsvauch that a sensing axis 146
between the assemblies 100 traverses the horizplataé of the conveyor 48. For
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A lens 124 is disposed within the tube 122 generally adjacent to the end of

the tube 122 that is located within the chamber 108. This lens 124 may

serve to focus the active signal that is received or transmitted by the

active element 118 (receiver or transmitter). It should be appreciated that

the interior of the tube 122 is exposed to the vacuum deposition conditions

within th dule to which th embhly is mounted. In this regard..the.
e e B S S e R S e 82 MR R Aoy
digposele teherd 244w hicithinatirapaceuloetsvetsr tieashainivhll@éts) the viewport

o Tor 0 B SR T donl R e R R T Wuon tre

sEitambevid8ovtheddircasteralidys] 14s parpantdidgarasathodirkent 2. Thus,
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a%ﬂﬂﬁ&ymu%%hmme%%%aggs é’i%ﬁ%r@slﬁﬁmﬁ ngﬂevéeis a space

interior side port 112. In this case, | cooperating with a secondary
besmeeIp adiaanniatendgitiothbecsiodadr menveyediguRs cbAstane e length or

dRdeBe 'tH%CHfééﬁ‘a'P%lergﬁléﬁiﬂbFBa?ﬂﬁoqy@%ﬁaﬁgﬁ?iB?tWQSH“ﬂ‘iéﬂf‘substrates

vacuum leak has occur e assemb onfiguration o

14adiitive signed insheates it the pradineiatwRdiReang 30dstmieasbhdsdao little
0 Y%P’&S*ﬂ "RRAEGhEP RO RIS S0k IRegidNg Inb AR Rfagesitdt the
to dispose opposite ones of a pair of the assemblies 100 so as to
drt'vémgrﬁmﬁ@de%ta_ﬁ d@mgtbﬁ%pmatewaﬁwag@&&baioﬁ&fﬁﬁﬂb\ﬁt@me to
ac{)ﬁ%?qﬁ%t%ﬁ%%ih rizpial IABEOL A COUSYO MHBIRA MOHUE PR transverse to

articularly fllustrated in Fig. 3. Referring to Fig. 4, this may be
(i.accerAphsaedhs, baEABRtRtHYa8Rs AisttenbRNYdRonsUis tiséecAdnfimsriedgon the
cAVRsrior side port 112 at a non-horizontal angle. The interior side port
112 may include an angled bore for receipt of the tube 122, with the
posite end of the tube 122 being angularly disposed within the ring

SHEERLET88) 166 g hita300YED RS DIEEAIL e SyEeR viRIprizontal
seHngPexitO8 a6 Ry Betadpistegte eaisidatrarsaieianbks, tidhdewport

like. This particular embodiment is advantageous in that it allows for

ASRMOLRS AR MBYRA IAUALELSKENS IR vBE IR VR 04 0fe0r to a side
wallags fan@ aespherigottahseaging axisahéfsiderriketideriaisfdie sensing

module. It should be appreciated that the viewpaort assembly 100 is not
10 ) B TR S SRSl A Ry M GRS AP0 are
mbeed Ackve HeNsricdeaghiastsHeN Ada ads etugnRcynBmMas\sHEs being
laser system, fibe_é[ff(sfé%icc}yseé?tem, and the like. The active se

. nsin . ,
dizpAtsshahe 18 cBRYEPY B3eA Wrﬂ&%‘éﬂgab&‘f'l%g axis

for supply of power and for conducting signals from or to the active

element 118. The active element 118 may be removably received within

the recess 140 provided in the exterigg port 110 so that the active element

can be replaced or serviced without having to remove the assembly 100

from the wall 104. A secondary lens 126 may be operably disposed within

the exterior port 110 with seals 132. This configuration permits removal of

the active component 118 from the exterior port 110 while maintaining

vacuum integrity of the chamber 108.



Power for the heater element 116, for example the ring heater 138, may
be supplied through a port 142 that is located at any suitable position
relative to the casing 102. The present invention also encompasses a
module for use in a vapor deposition system, such as any one of the
modules discussed above with respect to Fig. 1 that includes one or more
145 108 ﬁ@%ﬁ%ﬁé‘?ﬁ@@%@? &&%ﬁrp%j&wrﬁg%%mwgh e e'rr‘ﬁ’ﬁé‘éh‘fﬁ‘erﬁo.'hustrated in
eXample, such a module may include a housing defining an iternal
Figaduum space, with the housing comprising first and second side walls
106, as depicted in Fig. 3. An interior conveyor is housed within the

Fif oAl RIS MWSHAISHAMERIBRENLiENS SR 106/YASE RALHELMY Hasing
I f

rollers 144 that extend between the module side walls for transport of a

stei@iitd 02 thasugithmetaiieash ingNY LIS Badd Mty op & Structural
cONFYPRIARSSAM L B BRSO KIABES W B SPRIIGAITH S IHKINO M MRinber of

be configured on the walls 106 (or in the top and bottom walls) in order to

CofBReBeRSfhademey hieasaefigaref adiibsaate MR eyalirRUatGRENPONENS.
THRATECSHIRG IRCBEARRIEE RPSPAIESILHY o WaIVHRR HERSTBERBLEER module,

examples to disclose the invention, including the best mode, and also to

SushaBfeaiy Pia YrihkineediWesddineus e AkevwasBvehiv figndiudihg viewport
ad88KBRRMOESHIe ABY I%H@?@éﬁyfﬁﬁm&ﬂﬁgﬂﬂﬁ@ﬁrﬁi'ﬁgo%f&'e. For example, a

incorporated methods. The patentable scope of the invention is defined by

PajOEfioRem AP FRNRIE S P Saynpr-cRRAE WKLl thS tapsargknetiom walls
of B RHURM Gy QHRCSIBXAMME S BECONiERR @ Ba ER T PR SCORMATihe

claims if they include structural elements that do not differ from the literal

language of the claims, or if they include equivalent structural elements .
T R AT R AU HAP IR IR SR BBES1 118 GRancrion as 2
sadtmiarivat MM rifnen vt antivebeeimane asegmddyfion Usskimto the casing
etecting substrates conveyed throygh a vapor deposition system, said
1 e%&’gﬁ%éﬁ%\? 96%%?(5%?& [33 g configured for mounting to a wall

of a vapor deposition module, said casing further comprising an enclosed
Thrhaabeg A0Z2kaher siddudies, @mexerioresioksidd parhis port 110 is "exterior"

in that it is located on the exterior side of thallwL04 to which it is attached. The

exterior side port 110 is configured with a rec&d® for receipt of any suitable
manner of active transmitter or receiver 118. He tllustrated embodiment, this
transmitter/receiver 118 may be, for example, arfitptic transmitter or receiver 120
that transmits or receives a fiber optic signab iat out of the chamber 108. A lens
126, which may be a focusing lens, may be confidjwéhin the exterior side port
110 to aid in the transmission or receipt of trepeetive active signal. This lens 126

may be positioned between seals 132.

The viewport assembly 100 includes a lens assefrilyhaving a first end or portion
that is disposed within the chamber 108. The oppesd of the lens assembly 114 is
received within an interior side port 112 of thesiog 102. This port is "interior" in

that it extends through the module wall 104 to \whice casing 102 is mounted and
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a lens assembly disposed within said chamber and extending through said
interior side port; a heater element configured on said lens assembly
within said chamber; and, one of an active transmitter or an active signal
receiver configured with said exterior side port external of said chamber,
said transmitter or receiver axially aligned with and spaced from said lens

infS R Ne BB YiERA AESSMAN 3D BBk Her i SRR Suithin the
assembly comprises a tube arid a lens disposed within said tube at a
miadagon Iwithia seghothathbantedint lsdeepeititly dighodedoosioagaicd tubular

e R o R
theainhaaloéeandsaldentiuigiraieed ponbhcdiohestl thesletsfremdpnid héatecludes an
PR e s e RRLO e Ll e L0094 ki pon
1lskidblemgetasidingsit stasniesndati shed dG0 thbavadulatemezqdiment, the tube
1%9&‘%};%100 éﬂ& ?wamﬁlé%%%mgwport assembly is mounted, said lens

ass prising a tu Isposed with said interior port and a lens

disposed within said tube at a location so as to be within said chamber.
A lens 124 is disposed within the tube 122 gengmadljacent to the end of the tube

122 that is located within the chamber 108. Thkissl 124 may serve to focus the
active signal that is received or transmitted by #ttive element 118 (receiver or
transmitter). It should be appreciated that theriar of the tube 122 is exposed to
the vacuum deposition conditions within the modtde which the assembly is

mounted. In this regard, the sublimated sourceen@tmay diffuse into the tube 122

and tend to plate onto the lens 124, which in tiwoaild render the assembly 100
inoperable. To prevent condensation of the suliéthaource material onto the lens
124, a heater element 116 is operably disposednnitie chamber 108 on the lens
assembly 114. In a particular embodiment illustldah Fig. 4, the heater element 116
includes a circumferential ring heater 138 thatiretes the tube 122 around a portion
of the length of the tube that includes the lené. 1Zhis ring heater 138 may be, for
example, a resistive heater, or any other suitabéting mechanism. Heat is supplied
to the end of the lens assembly 114 that includedeins 124, which is maintained at
a temperature effective for preventing sublimatedree material from plating onto

the lens 124.

The tube 122 has a sufficient axial length such tha elastomeric seal 130 is at a
sufficient axial distance from the heater elemelt fio prevent damage the seal 130.
It should be recognized that a defective seal batvilee tube 122 and the interior side
port 112 would result in a vacuum breach. Howeeeen if this were to occur, the
chamber 108 would essentially act as a secondaiyuna chamber to contain any

vacuum leak through the interior side port 112. this case, the seals cooperating
12



5. The viewport assembly as in claim 1, comprising an active transmitter
configured with said exterior side port to transmit an active signal into said
chamber, through said lens assembly, and into the vapor deposition
module. 6. The viewport assembly as in claim 1, comprising an active
signal receiver configured with said exterior side port and aligned to

receiye an active si n d int id len S hrough said.
o NG A RIS W e
additinoredivadydartharrmmprising a leak check port in communication with

said chamber. 8. The viewport assembly as in claim 1, wherein said lens

In3SREENDYY IBEHRRASSHH AhaBRMIRET RRARIALANSIS el 'RE88GaRRAISAIto the

as to receive or transmit a non-horizontal signal transmitted through a
asEob epditRity eenfi BUiRiEcof dBauHElporCcASeERdLIDaY PR URddedn the
cadipesegA horizontal plane of a substrate conveyed through the vapor
deposition module. 9. A module for use in a vapor deposition system,
wherein substrates are conveyed through said module, said module

Az disisRRr RhoYSIMY R desRESLiHY EXmBRYRG MeSERsccafiwid, B1RY be

ddBIRItPr teorispeEWitbipasitbh@wrisg g ceafigusedibeetamerort 0baso as to
trasrlljsk)r%tig?rte%teri]\r/%u rrll 23{%2%‘#5’%”3 ;that is transyensd non-horizontal with respect to
the horizontal plane of a conveyor within a moduaie particularly illustrated in Fig.

3. Referring to Fig. 4, this may be accomplishgdbenting the lens assembly 114
within the chamber 108 and interior side port 112 aon-horizontal angle. The
interior side port 112 may include an angled boreréceipt of the tube 122, with the
opposite end of the tube 122 being angularly disgasithin the ring heater 138. The
ring heater 138 may also be angularly disposedinvithe chamber 108 via any
suitable structure or insulating material 136, e like. This particular embodiment
is advantageous in that it allows for relativelysth mounting of the casing 102
relative to a wall 104, yet allows for a non-hont sensing axis 146 relative to the

interior of the module.

It should be appreciated that the viewport assenifly is not limited to any
particular sensing principle, and may be configusgith any type of active sensor or
receiver, such as a radio frequency (RF) systeser lsystem, fiber optic system, and
the like. The active sensing component 118 (eithezceiver or a transmitter) may
include a port 128 for supply of power and for cactthg signals from or to the
active element 118. The active element 118 mayeb®vably received within the
recess 140 provided in the exterior port 110 sbttieactive element can be replaced
or serviced without having to remove the assemifl9 from the wall 104. A

secondary lens 126 may be operably disposed witigirexterior port 110 with seals
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a first viewport assembly mounted on said first wall, said first viewport
assembly further comprising a casing mounted to said first wall, said
casing further comprising an enclosed chamber, an exterior side port, and
an interior side port that extends through said respective wall; a lens
assembly disposed within said chamber and extending through said

dpterion aide park phsR g slsment configusd ansaIsns AR8MEIX fom the
Within said chamber; and, one of an active transmitter or an activé signa
extecaEy@ocohiig whdenitaissiinagerarwide iptay ektbenahahdaéd tB&8mber,

said transmitter or receiver axially aligned with and spaced from said lens

PEReF T ¥hel el BIRARAE1B HBiNeta B HhENBRIE NS, %ﬁ%?/'ﬂcta supplied

viewport assembly mounted to said second wall, said second viewpor

th IpqUriet rsthisrinetes cdany mbpEHe0 selitiyedendeveasngdlo2.
casing further comprising an enclosed chamber, an exterior side port, and

TR fresigitsidodnrbhalsxtendsitpjasabssaidsesarssaly a vapor deposition

system, such as any one of the modules discussmet atith respect to Fig. 1 that
includes one or more of the viewport assemblies ff©OCaccordance with the
invention. For example, such a module may incladeousing defining an internal
vacuum space, with the housing comprising first aedond side walls 106, as
depicted in Fig. 3. An interior conveyor is housedhin the module. In the
illustrated embodiment, this conveyor includes arality of rollers 144 that extend
between the module side walls for transport of lbassate 14 through the module
housing. Various embodiments of a viewport assgnifl0 in accordance with
aspects of the invention may be configured on takswL06 (or in the top and bottom
walls) in order to sense the presence or absemnesabstrate within the module at the
particular location of the assemblies 100.

This written description uses examples to disclibgeinvention, including the best
mode, and also to enable any person skilled inattieto practice the invention,
including making and using any devices or systentserforming any incorporated
methods. The patentable scope of the inventiaefsied by the claims, and may
include other examples that occur to those skiheithe art. Such other examples are
intended to be within the scope of the claims dytlinclude structural elements that
do not differ from the literal language of the ohai, or if they include equivalent
structural elements with insubstantial differenéesn the literal languages of the

claims.
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a lens assembly disposed within said chamber and extending through said
interior side port; a heater element configured on said lens assembly
within said chamber; and, one of an active transmitter or an active signal
receiver configured with said exterior side port external of said chamber,
said transmitter or receiver axially aligned with and spaced from said lens
Iéf;L f‘fﬂ?@” active signal is conveyed between said first and
second viewport assemblies, the active signal passing through said
interior side port, said chamber, and said lens assembly of each of said
1.first af\Bl 36HYRYEORPErRaSeBHMiEY. UBE nHéetes8oRsHaiascRaRYeped through

a VARSP RS RRSSYSaam Dhui SRR 2ck Jyigpport assemblies

comprises a tube and a lens disposed within said tube at a location within
said chamber, said heater element disposed concentric around said tube

a ggsiegsanfigunss Jaigmaiinting to a wall of amageposition module, said casing

further comprising an enclosed chamber, an exteige port, and an interior side

port;

a lens assembly disposed within said chamber ateh@xg through said interior side

port;
a heater element configured on said lens assenitilinvgaid chamber; and,

one of an active transmitter or an active signeéireer configured with said exterior
side port external of said chamber, said transmdtereceiver axially aligned with

and spaced from said lens assembly.

2. The viewport assembly as in claim 1, wherein $ans assembly comprises a
tube and a lens disposed within said tube at atitotavithin said chamber, said

heater element disposed concentric around saidsilas to surround said lens.

3. The viewport assembly as in claim 2, further paeing an elastomeric seal
disposed between said tube and said interior soie paid seal spaced from said

heater element a distance sufficient to preventnibk damage to said seal.

4. The viewport assembly as in claim 1, whereim $aierior port has an axial

length sufficient so as to extend through the wallhe vapor deposition module on
which said viewport assembly is mounted, said lassembly comprising a tube
disposed with said interior port and a lens disdosihin said tube at a location so as

to be within said chamber.
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12. The module as in claim 11, further comprising an elastomeric seal
disposed between said tube and said interior side port in said first and
second viewport assemblies, said seal spaced from said heater element a
distance sufficient to prevent thermal damage to said seal. 13. The
module as in claim 10, wherein said interior port in each of said first and

5.Se°°’1‘f11‘e"e\¥c}1’é’v%”o??5§sr2%'#ﬁ |ha§1§ar?naxci?‘éi'r%” th st ir"r‘s”é@"a%?i{/% Xt nitter
through Said reSpective wall,’said lens assemblies comprising a tube
catifgosed with said exteimrideapartte sdspdset weithipnsdithtasaiat ehamber,
niBgRiPG R Al champen i T e VagIS BRI HIRINELO. wherein said
iIrstand second viewport assemblies comprise a leak check port in
communication with said chamber. 15. The module as in claim 10,

6.wherdiRSsAigRRTARPSEEHY WRWpTRiBsdmpREERmIgs¥edsigeal receiver
MR Riare &Rt eigaidist aRd %ﬂfﬁ?{&‘?@éﬁ\?@cﬁr{h%kﬁ%d signal

active signal crosses a horizontal plane of said conveyor within sai

canslusitrgl Nt sRENRIIRIRSSS MbYAitArEsI OR R ibEg Boshikipsigh said exterior

sige'pprises a plurality of spaced apart rollers, said first and second
viewport assemblies disposed so that said active signal passes through

said conveyor between adjacent said rollers, . _
7. The viewport assembly as in claim 1, further pasing a leak check port in

communication with said chamber.

8. The viewport assembly as in claim 1, wherein $ains assembly is disposed
at a non-horizontal angle relative to said casio@s to receive or transmit a non-
horizontal signal transmitted through a vapor démws module in which said

viewport assembly is mounted that crosses a haat@hane of a substrate conveyed

through the vapor deposition module.

9. A module for use in a vapor deposition systenmensin substrates are
conveyed through said module, said module compgyisin

a housing, said housing comprising first and secoaits;

an interior conveyor within said housing and confeg for transport of a substrate

through said housing;

a first viewport assembly mounted on said firstlwshid first viewport assembly

further comprising

a casing mounted to said first wall, said casinghfr comprising an enclosed
chamber, an exterior side port, and an interioe adrt that extends through said

respective wall;
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a lens assembly disposed within said chamber ateth@ixg through said interior side

port;
a heater element configured on said lens assemtiinvgaid chamber; and,

one of an active transmitter or an active signeéireer configured with said exterior
side port external of said chamber, said transmdtereceiver axially aligned with

and spaced from said lens assembly.

10. The module as in claim 9, further comprisingegond viewport assembly
mounted to said second wall, said second viewgstrably further comprising:

a casing mounted to said second wall, said casinfper comprising an enclosed
chamber, an exterior side port, and an interioe gdrt that extends through said

second wall;

a lens assembly disposed within said chamber ateh@ixg through said interior side

port;
a heater element configured on said lens assenitilinvgaid chamber; and,

one of an active transmitter or an active signeéireer configured with said exterior
side port external of said chamber, said transmdtereceiver axially aligned with

and spaced from said lens assembly;

wherein an active signal is conveyed between sa&t find second viewport
assemblies, the active signal passing throughistador side port, said chamber, and
said lens assembly of each of said first and secwomvport assemblies.

11.  The module as in claim 10, wherein said lessm@mbly in said first and second
viewport assemblies comprises a tube and a lensosksl within said tube at a
location within said chamber, said heater elemaspased concentric around said

tube so as to surround said lens.
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12. The module as in claim 11, further comprisimyetastomeric seal disposed
between said tube and said interior side port id $iast and second viewport
assemblies, said seal spaced from said heater mientistance sufficient to prevent
thermal damage to said seal.

13.  The module as in claim 10, wherein said intgpiort in each of said first and

second viewport assemblies has an axial lengtlcgrit so as to extend through said
respective wall, said lens assemblies comprisingba disposed with said interior

port and a lens disposed within said tube at ailmcavithin said chamber.

14.  The module as in claim 10, wherein said firgt aecond viewport assemblies

comprise a leak check port in communication witld shamber.

15. The module as in claim 10, wherein said firgt aecond viewport assemblies
are disposed in a non-horizontal plane relativeaid first and second walls such that

said active signal crosses a horizontal planeidf@nveyor within said housing.

16. The module as in claim 15, wherein said convegmmprises a plurality of
spaced apart rollers, said first and second vieivgsgsemblies disposed so that said
active signal passes through said conveyor betadgmtent said rollers.
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